Abstract. 2014 The electromechanical (EM) coupling in a chiral liquid crystal was first investigated under a white electrical excitation. The mechanical response of the system was detected in the range of 0-20 kHz. The effect of the amplitude of applied voltage on the EM response and that of the sample temperature was investigated. Some of the characteristic spectral components have been identified. The elastic constant attributed to the deformation of smectic layers and the ratio of the EM coupling coefficient to [3] , in testing electric circuits [4] .
There have been a few attempts to determine physical characteristics of condensed matters with the white noise excitation technique, for example measuring dynamic, magnetic response [5] . We suggest to apply this method to study electric and mechanical properties of a liquid crystal.
The electromechanical effect was observed in ferroelectric liquid crystals (FLC) [6] . It is a mechanical vibration generated in the FLC by an applied electric excitation. The effect was studied by applying harmonic electric fields in a narrow frequency range and a simple monotonous frequency dependence of the vibration amplitude was found [8] . The [6, 7] .
The liquid crystal was purchased from the Chisso Corporation and has an identification code CS-1011 with a phase sequence as follows :
A BK 4375 (Bruel &#x26; Kjaer) accelerometer was fixed on the top of the upper plate to detect its vibration. Care was taken about the arrangement of the cables in order to ensure a free motion of the upper glass plate.
The electric white noise excitation was applied across the sample and its mechanical response was detected by the accelerometer and the signal was amplified by a BK 2645. An Ono-Sokki 9100 two-channel FFT spectrum analyser was used as the white noise source and also for data acquisition and processing. Autopower spectral densities (APSD) of the input and output noises and the transfer function (XFR) were examined in the frequency range up to 20 kHz. The experimental arrangement of the electric circuits is shown in figure 1.
Results and discussion. General characteristics of the XFR FUNC (Fig. 2c) Fig. 4 ). On heating, when reaching the phase transition, the 100 % coherence disappeares for the low frequency region, and the attenuation falls below -70 dB. In the SA phase the transfer function practically disappears up to 12 kHz. Thus we conclude that this part of the response spectrum was connected with the biaxial, helical structure of the S c * phase. The high frequency vibrations in the 12-20 kHz range can be attributed to the SA phase. In the isotropic phase of the liquid crystal the attenuation falls below -80 dB, it becomes undetectable in the whole frequency range. There is no EM effect in the isotropic phase as it was stated before [8] ;
-the spectrum analyser allowes a double integration versus frequency of the acceleration spectrum thus a spectrum of the displacement can be obtained. A calibration can be carried out and the measured vibration amplitude can directly be given in units of length. figure 3 .
Discussion of the structural components.
A continuum theory has been developed [9] in order to explain the behaviour of uniformly layered S c * liquid crystals in applied electromagnetic field. It Experimental evidence suggested to include an elastic contribution in addition to the viscous behaviour. We describe the motion of the upper glass plate as a mechanical vibration generated by the EM force, which is proportional to the time derivative of the electric field. An elastic force proportional to the displacement and a damping are also acting on the moving mass. The damping is due to the viscosity and the force is proportional to the velocity. The equation of motion reads then :
Where A characterizes the EM coupling, k is elastic constant and b is proportional to the viscosity. Dots label time derivative. After Fourier transformation of equation (2), multiplying it by the complex conjugate of E (i w ) and taking the average on ensemble one can get :
It is well known [10] that the auto power spectral density (APSD) and the cross power spectral density (CPSD) of measured physical quantities E (t ) and u (t ) can be determined as : and In our experiment (4) corresponds to the PWR SP A. The transfer function between E and u is defined as :
Using (4), (5) and (6) we get for the absolute value of the transfer function from (3) : Formula (7) gives the absolute value of the displacement for unit electric field and describes its frequency dependence. One can easily construct the transfer function for the acceleration also : which in our experiment corresponds to the absolute value of the transfer function between electrical excitation and measured acceleration. Equation (8) The general behaviour of the XFR for the acceleration (see Fig. 3a ) corresponds to the function given in (8) : a 1 = 0 for co = 0 and for the frequency region 700-2 550 Hz 1 a 1 is proportional to co 3. In figure 5 a log-log plot of XFR versus frequency is given to demonstrate the (ù 3 behaviour. Below 700 Hz the transfer of the sample is too low, the attenuation falls below -70 dB and data can not be recorded. At 2 550 Hz there is a sharp maximum and at higher frequencies the average transfer increases with frequency. In order to identify the first maximum of the measured XFR with the one predicted in the calculation we varied the amount of the moving mass. In figure 6 we show the XFR functions for the displacement detected for different values of mass. In figure 7 the frequency of the first maxima f, = wl/2 03C0 is plotted versus m-l/2, displaying a linear behaviour as expected.
From the proportionality factor the elastic constant k can be determined.
We found k = 3 x 106 dynelcm2, which is a reasonable value for elastic deformation of smectic layers. In our experimental arrangement elastic force can only appear from the liquid crystal. In our sample the compound CS-1011 could not be well aligned. Smectic layers locally were not parallel with the direction of the vibration velocity, consequently the EM shear had a component perpendicular to the layers. The smectic layer is elastic towards deformation. We associate k with the elastic constant characterizing the layer deformation.
The frequency w2, determined as the position of the other extremum of equation (8) was not compared with the first minimum of the measured transfer function, because the experimental curve has an additional, -frequency independent -second maximum at 4 kHz which influences the location of the minimum.
The first resonance frequency Wl changes with m as it was discussed above (see Fig. 6 ), but the displacement value at w is constant. That is in good agreement with equation (7), which gives IXFERE,u(W = wl)1 [ = A/b, i.e. the vibration amplitude in the maximum is independent on the mass. We measure A/b which contains no other physical parameters only the ratio of the EM coupling constant to the viscosity. By measuring viscosity one can determine the EM coupling.
Conclusion.
The applicability of the method of using white noise excitation to measure frequency dependent effects in liquid crystals has been demonstrated.
Due to the high frequency resolution of this method a complex structure of the EM vibration spectrum was observed. Its dependence on temperature and that on moving mass allowed us to recognize, that the frequency response of the sample below 12 kHz can be attributed to the biaxial S c * phase of the liquid crystal, while the effects between 12-20 kHz are preserved only in the SA phase.
The total vibration spectrum disappeares in the isotropic fluid phase of the sample. The first peak of the spectrum at 2.5 kHz was identified with a mechanical vibration generated by the EM force with an elastic and damping term included. Parameters of the equations were identified with the EM coupling and elastic constant as well as with the viscosity of the liquid crystal Sc* phase. An important parameter, the elastic constant of the deformed smectic layers was estimated and a possible way of determination of the EM coupling constant has been opened.
